To guarantee specific tRNA and amino acid pairing, several aminoacyl-tRNA synthetases correct aminoacylation errors by deacylating or ''editing'' misaminoacylated tRNA. A previously developed variant of Escherichia coli tyrosyl-tRNA synthetase (iodoTyrRS) esterifies or ''charges'' tRNA Tyr with a nonnatural amino acid, 3-iodo-L-tyrosine, and with L-tyrosine less efficiently. In the present study, the editing domain of phenylalanyl-tRNA synthetase (PheRS) was transplanted into iodoTyrRS to edit tyrosyl-tRNA Tyr and thereby improve the overall specificity for 3-iodo-L-tyrosine. The ␤-subunit fragments of the PheRSs from Pyrococcus horikoshii and two bacteria were tested for editing activity. The isolated B3/4 editing domain of the archaeal PheRS, which was exogenously added to the tyrosylation reaction with iodoTyrRS, efficiently reduced the production of tyrosyl-tRNA Tyr . In addition, the transplantation of this domain into iodoTyrRS at the N terminus prevented tyrosyl-tRNA Tyr production most strongly among the tested fragments. We next transplanted this archaeal B3/4 editing domain into iodoTyrRS at several internal positions. Transplantation into the connective polypeptide in the Rossmann-fold domain generated a variant that efficiently charges tRNA Tyr with 3-iodo-L-tyrosine, but hardly produces tyrosyl-tRNA Tyr . This variant, iodoTyrRS-ed, was used, together with an amber suppressor derived from tRNA Tyr , in a wheat germ cell-free translation system and incorporated 3-iodo-L-tyrosine, but not L-tyrosine, in response to the amber codon. Thus, the editing-domain transplantation achieved unambiguous pairing between the tRNA and the nonnatural amino acid in an expanded genetic code.
A minoacyl-tRNA synthetases (aaRSs) esterify an amino acid to the 3Ј end of tRNA (1) . The 20 aaRSs are divided into two classes, each comprising 10 aaRSs, on the basis of characteristic sequence motifs (2) . Class I aaRSs have the Rossmannfold aminoacylation domain, whereas class II aaRSs have the aminoacylation site built around antiparallel ␤-sheets. To guarantee correct decoding of the genetic code, the aaRS must esterify or ''charge'' only the cognate amino acid to the tRNA. However, because some amino acids have similar sizes or chemical properties, several aaRSs fail to distinguish among these amino acids at the aminoacylation site, and thus mischarge noncognate amino acids to tRNA (3) .
To correct such errors, these aaRSs hydrolyze the ester bond formed between the tRNA and the noncognate amino acid, or ''edit'' misaminoacylated tRNA by using an extra domain for editing (4) (5) (6) . The class I aaRSs with editing functions such as the isoleucyl-, valyl-, and leucyl-tRNA synthetases (IleRS, ValRS, and LeuRS, respectively), belong to subclass Ia, and a connective-polypeptide 1 (CP1) domain, which is inserted in the middle of the Rossmann-fold domain, catalyzes the editing reaction (7) (8) (9) (10) . In contrast, the editing domains of the class II aaRSs, such as the phenyl-, alanyl-, threonyl-, and prolyl-tRNA synthetases (PheRS, AlaRS, ThrRS, and ProRS, respectively), have diverse structures and are inserted at different sites in the enzymes (11) (12) (13) (14) (15) .
The repertoire of genetically encoded amino acids has recently been expanded to include nonnatural amino acids in Escherichia coli, yeast, and mammalian cells (16) (17) (18) . Nonnatural amino acids are specifically coupled with their ''carrier'' tRNAs by engineered aaRS molecules. A variety of such aaRSs are derived from the tyrosyl-tRNA synthetases (TyrRS) from E. coli (17) (18) (19) and Methanocaldococcus jannaschii (20) . Several useful variants of tryptophanyl-tRNA synthetase (21) , lysyl-tRNA synthetase (22) , PheRS (23) , and LeuRS (22, 24) have also been produced. These engineered aaRSs must discriminate against the formerly cognate amino acid and efficiently recognize its nonnatural analogue. We previously developed a variant of E. coli TyrRS for genetic encoding of 3-iodo-L-tyrosine, which is designated hereafter as iodoTyrRS (19) . The only difference between 3-iodo-L-tyrosine and L-tyrosine is the bulky iodine atom at the phenolic ring. Our x-ray crystallographic study has revealed that the reshaped pocket of iodoTyrRS has sufficient space to accommodate the iodine atom [supporting information (SI) Fig. S1 A] (25) . Therefore, iodoTyrRS efficiently and specifically produces iodotyrosyl-tRNA Tyr in the presence of both 3-iodo-L-tyrosine and tyrosine. Nevertheless, iodoTyrRS still produces tyrosyltRNA Tyr in the absence of 3-iodo-L-tyrosine (19) . In this context, in the recently reported engineering of LeuRS, the reshaping of the aminoacylation site was not sufficient to achieve the specificity for dansylalanine; therefore, the editing domain was also modified to hydrolyze leucyl-tRNA (24) . This case suggested that the editing mechanism could be useful for improving the specificity for nonnatural amino acids. However, two-thirds of the aaRS species, including TyrRS, have no editing domain (26) . Thus, we planned to use the editing domain of PheRS, which can hydrolyze tyrosyl-tRNA Phe (11) . The PheRS editing domain does not appear to hydrolyze iodotyrosyl-tRNA, because of the limited size of the editing pocket for the bulky iodine atom (Fig. S1B) (27, 28) . Therefore, the transplantation of the PheRS editing domain would enable iodoTyrRS to edit tyrosyl-tRNA Tyr , thus producing no tyrosyl-tRNA Tyr , even in the absence of 3-iodo-L-tyrosine.
PheRS belongs to class IIc and is a tetrameric enzyme consisting of two ␣␤ heterodimers. The B3/4 domain of the ␤-subunit (Fig. 1A) catalyzes the editing (11, 29) . The domain architecture and the amino acid sequence of PheRS are totally different from those of TyrRS, which belongs to class Ic and is homodimeric. The TyrRS subunit has the Rossmann-fold domain, with the CP domain inserted in the middle (30) . The CP domain is inserted at a similar position to that in the CP1 editing domain in the monomeric class Ia IleRS, ValRS, and LeuRS, but it has no editing activity and its fold is unrelated to that of the CP1 editing domain. This CP1 editing-domain fold is totally different from that of the PheRS B3/4 domain (11). Furthermore, the tRNA-binding manner of the class Ic TyrRS is completely distinct from those of class Ia and class IIc (30) . Therefore, there are no hints on how the PheRS B3/4 domain should be transplanted into iodoTyrRS.
In the present study, we planned to achieve ''exclusive'' specificity for 3-iodo-L-tyrosine. First, we examined whether the B3/4 editing domain fragments from three different organisms retain the activity to hydrolyze tyrosyl-tRNA. The best editing domain fragment was then transplanted into several different positions of iodoTyrRS, to find an appropriate position. Thus, the editing domain transplantation drastically improved the overall specificity of iodoTyrRS for 3-iodo-L-tyrosine: the new variant never produces tyrosyl-tRNA. The engineered iodoTyrRS exclusively incorporated iodoTyrRS into the specified site of a protein in the wheat germ cell-free system.
Results
Editing Activity of the Isolated B3/4 Editing Domain from PheRS. First, we searched for a minimal fragment that retains the editing activity of the PheRS ␤-subunit. The bacterial PheRSs from E. coli and Thermus thermophilus and the archaeal/eukaryal PheRS from Pyrococcus horikoshii were selected as the donors. T. thermophilus PheRS has eight structural domains, B1-B8, in the ␤-subunit, where B2, B4, and B7 are inserted into B1, B3, and B6, respectively (29) (Fig. 1 A) . On the other hand, the archaeal/ eukaryal PheRS ␤-subunit lacks B2 and B8, and its editing domain, B3/4, differs from those of the bacterial B3/4 domains with respect to the sequence and catalytic residues (28) . The B3/4 domain is clustered with the B1/2 and B5 domains, whereas the B6/7 and B8 domains are structurally independent (28, 29) . Therefore, the B1/2-B3/4-B5, B1/2-B3/4, B3/4-B5, and B3/4 fragments were constructed from the E. coli and T. thermophilus PheRSs, and the B1-B3/4-B5, B1-B3/4, B3/4-B5, and B3/4 fragments were constructed from the P. horikoshii PheRS (Fig.  1 A) . Each of the overproduced and purified fragments was added to the aminoacylation reaction with E. coli tRNA Tyr , iodoTyrRS, and L-tyrosine, and the production of tyrosyltRNA Tyr was analyzed by acidic PAGE (31). In the absence of the PheRS fragment, the tRNA Tyr molecules were fully charged with L-tyrosine ( Fig (Fig. 1D , lanes 3 and 6). Thus, the isolated B3/4 editing domains from the E. coli and P. horikoshii PheRSs reduced the yield of tyrosyl-tRNA Tyr , whereas the B3/B4 domain from T. thermophilus required the extension to the N terminus for the effect. Furthermore, these fragments worked on the noncognate tRNA Tyr . The observed decrease in the yield of tyrosyl-tRNA Tyr is consistent with the hydrolysis activity of each isolated fragment.
Editing Activity of the Editing Domains Fused to the N Terminus of
IodoTyrRS. E. coli B3/4, P. horikoshii B3/4, and T. thermophilus B1/2-B3/4 were each fused to the N terminus of iodoTyrRS to generate N-Eed-IYRS, N-Ped-IYRS, and N-Ted-IYRS, respectively ( Fig. 2A) . N-Eed-IYRS and N-Ted-IYRS produced tyrosyl-tRNA Tyr less efficiently than iodoTyrRS, and N-Ped-IYRS hardly produced tyrosyl-tRNA Tyr (Fig. 2B , filled symbols). The replacement of the conserved Ala residue by Trp in the editing site reportedly abolishes the editing activities of T. thermophilus and P. horikoshii PheRSs, by plugging the pocket (11, 28) . The Ala-to-Trp mutation was introduced into the fusion variants to create N-Eed mu -IYRS, N-Ted mu -IYRS, and N-Ped mu -IYRS. These editing-deficient mutants produced tyrosyl-tRNA Tyr as efficiently as iodoTyrRS (Fig. 2B , open symbols). Consequently, the N-terminally fused editing domains hardly affect the aminoacylation active site of iodoTyrRS. In addition, the finding that a specific mutation restored the yield of tyrosyl-tRNA Tyr suggested that the decreased yield was caused by the ability of the fused domains to hydrolyze tyrosyl-tRNA Tyr .
The orientation of the B3/4 domain relative to the B1 and B5 domains in P. horikoshii PheRS reportedly differs from that in T. thermophilus PheRS (28) and probably from that in E. coli PheRS as well. The location of the C terminus in the archaeal B3/4 domain is quite different from those in the bacterial B3/4 domains, as the last strand in the ␤-sheet is oppositely oriented. Accordingly, the orientation of the fused B3/4 domain relative to the aminoacylation domain of iodoTyrRS should differ between the archaeal B3/4 domain and the bacterial B3/4 domains. The higher editing activity of N-Ped-IYRS may reflect the better accessibility of the editing active site to the aminoacylated end of the tRNA.
Aminoacyl-tRNA Tyr production by N-Eed-IYRS, N-Ted-IYRS, and N-Ped-IYRS was compared, using 3-iodo-L-tyrosine and L-tyrosine, by acidic PAGE. These variants produced only iodotyrosyl-tRNA Tyr , but not tyrosyl-tRNA Tyr (Fig. 2C , lanes 4-9), whereas the parent iodoTyrRS produced both aminoacyltRNAs at similar levels (Fig. 2C, lanes 2 and 3) . The synthesized iodotyrosyl-tRNA Tyr is hardly recognized by the fused editing domains, which is consistent with the steric considerations based on the editing active site structures. Thus, the fusion of the editing domains successfully improved the overall amino acid specificity of iodoTyrRS in favor of 3-iodo-L-tyrosine.
Transplantation of the P. horikoshii Editing Domain into IodoTyrRS at
Internal Sites. We tested the feasibility of the transplantation of an editing domain into internal positions of iodoTyrRS. The P. horikoshii B3/4 domain at the N terminus was more efficient in editing tyrosyl-tRNA than the other bacterial domains. In addition, the N and C termini of the archaeal domain are much closer to each other than those of the bacterial domains, suggesting that the archaeal domain is more suitable for insertion into internal sites of iodoTyrRS.
The loop regions in the CP and anticodon (AC)-binding domains (residues 163-169 and 294-298, respectively) (Fig. S2) were selected as internal insertion sites, and various amino acid sequences with different lengths were tested for connecting the editing domain and the iodoTyrRS. Thus, we created and tested Ͼ30 insertion variants and obtained two variants that could be prepared by overproduction in E. coli cells and retained the activity toward 3-iodo-L-tyrosine. These variants, CP-Ped-IYRS and AC-Ped-IYRS, accommodate the editing domain in the loops of the CP and AC-binding domains, respectively (Fig. 2 A) .
For analyzing CP-Ped-IYRS and AC-Ped-IYRS, the mutation that abolishes the editing activity was introduced to create CP-Ped mu -IYRS and AC-Ped mu -IYRS, respectively. These variants were compared with N-Ped-IYRS and N-Ped mu -IYRS in in vitro assays. CP-Ped-IYRS and N-Ped-IYRS hardly produced tyrosyl-tRNA Tyr , whereas their editing-deficient mutants produced tyrosyl-tRNA Tyr as efficiently as iodoTyrRS (Fig. 2D) . Therefore, the insertion in the CP domain does not impair the catalytic activity at the aminoacylation active site of iodoTyrRS, but results in the efficient editing of tyrosyl-tRNA Tyr . In contrast, AC-Ped-IYRS produced tyrosyl-tRNA Tyr as efficiently as iodoTyrRS (Fig. 2D) . Therefore, although the insertion of the editing domain in the AC-binding domain does not impair the aminoacylation activity of iodoTyrRS, this transplanted editing domain failed to edit tyrosyl-tRNA Tyr .
The overall amino acid specificity of CP-Ped-IYRS was examined by acidic PAGE, in comparison with those of iodoTyrRS and AC-Ped-IYRS. CP-Ped-IYRS only produced iodotyrosyltRNA Tyr , and not tyrosyl-tRNA Tyr , whereas iodoTyrRS and AC-Ped-IYRS produced both (Fig. 2E) . Thus, the overall specificity of CP-Ped-IYRS was significantly improved in favor of 3-iodo-L-tyrosine.
The hydrolytic activity of the editing domain was compared between N-Ped-IYRS and CP-Ped-IYRS. These variants were examined for the activity to accelerate the deacylation of tyrosyltRNA Tyr . As a result, both variants significantly accelerated the deacylation, thus showing the hydrolytic activity of the editing domain isolated from the archaeal PheRS (Fig. 2F) . CP-Ped-IYRS accelerated the reaction more efficiently than N-Ped-IYRS, indicating that CP-Ped-IYRS is more active in the editing reaction.
Application of N-Ped-IYRS and CP-Ped-IYRS in a Eukaryotic Cell-Free Translation for the Site-Specific Incorporation of 3-Iodo-L-Tyrosine
into Proteins. The iodoTyrRS has been used in cell-free translation using a wheat germ extract, together with an amber suppressor tRNA derived from E. coli tRNA Tyr , to incorporate 3-iodo-L-tyrosine into proteins in response to an amber codon introduced within the coding region (19) . Because the bacterial TyrRS-tRNA Tyr pair does not cross-react with the eukaryotic aaRS-tRNA pairs, the nonnatural amino acids recognized by bacterial TyrRS mutants are expected to be incorporated only at amber codons (18, 19) . In fact, the E. coli pair of iodoTyrRS and the suppressor tRNA reportedly incorporates 3-iodo-L-tyrosine only at amber codons, but not at other codons, such as tyrosine codons, in the wheat germ cell-free translation (19) .
We translated the GST gene with an amber codon at position 25. The suppressor tRNA alone did not produce the full-length product of GST(Am) (Fig. 2G, lane 1) . The pair of iodoTyrRS and the suppressor tRNA produced GST in the presence of 3-iodo-L-tyrosine (Fig. 2G, lane 3) and generated a smaller amount of GST in the absence of 3-iodo-L-tyrosine (Fig. 2G, lane  2) . In the absence of competing 3-iodo-L-tyrosine, the L-tyrosine was probably incorporated at the amber position.
N-Ped-IYRS and CP-Ped-IYRS were then used in place of iodoTyrRS. Both variants produced the full-length GST in the presence of 3-iodo-L-tyrosine (Fig. 2G, lanes 5 and 9) . On the other hand, N-Ped-IYRS produced an appreciable amount of GST in the absence of this amino acid (Fig. 2G, lane 4) . In contrast, GST production by CP-Ped-IYRS was not detectable when 3-iodo-L-tyrosine was absent (Fig. 2G, lane 8) . The complete repression of GST production by CP-Ped-IYRS is ascribed to the ability of CP-Ped-IYRS to edit tyrosyl-tRNA, because CP-Ped mu -IYRS produced an appreciable amount of GST in the absence of 3-iodo-L-tyrosine (Fig. 2G, lane 10) .
Although neither CP-Ped-IYRS nor N-Ped-IYRS produced tyrosyl-tRNA in the aminoacylation assay (Fig. 2F) , translation of the amber codon in the absence of 3-iodo-L-tyrosine was completely repressed by the editing activity of CP-Ped-IYRS, but was tolerated by that of N-Ped-IYRS (Fig. 2G) . In this context, the presence of elongation factor Tu (EF-Tu), which binds to aminoacyl-tRNA, reportedly facilitates the production of misacylated tRNA, probably because EF-Tu protects the misacylated tRNA from hydrolysis by the editing domains (32) . The weaker editing activity of N-Ped-IYRS than that of CPPed-IYRS (Fig. 2F) was probably insufficient to overcome the protection of tyrosyl-tRNA by EF-Tu.
Discussion
In the present study, we showed that the isolated B3/4 editing domain of the P. horikoshii PheRS ␤-subunit retains the hydrolytic activity for tyrosyl-tRNA. The archaeal editing domain was transplanted into the CP domain of iodoTyrRS. The CP-Ped-IYRS thus generated efficiently edits tyrosyl-tRNA Tyr and hardly incorporates L-tyrosine into proteins at the amber position in a eukaryotic translation system, thus achieving the unambiguous translation of the amber codon into 3-iodo-Ltyrosine.
The structural model of CP-Ped-IYRS in the tRNA Tyr -bound form is shown in Fig. 3 . The editing domain of CP-Ped-IYRS is linked with the Rossmann-fold domain by two linker peptides, and the two editing domains in the dimer are located close to each other. These factors restrict the movement of the editing domain and moderately fix the editing active site at a distance of 40 Å from the aminoacylation active site. The distance between the aminoacylation and editing active sites is reportedly 30-40 Å for the editing aaRS species (7, 8, 14, 27, 33) ; two examples are shown in Fig. 3 . The positions of the editing active site, the aminoacylation active site, and the 3Ј end of tRNA relative to one another are similar between CP-Ped-IYRS and ThrRS, a class II aaRS. This resemblance to the naturally occurring editing aaRS probably explains the efficient editing by CP-Ped-IYRS. The tRNA binding mode of class Ic including TyrRS, which is different from those of classes Ia and Ib, but is similar to that of class II (30) , underlies the putative similarity in the editing mechanism between ThrRS and CP-Ped-IYRS.
The editing domain at the N terminus of N-Ped-IYRS can move relatively freely, and the distance between the editing and aminoacylation active sites may change from 40 to 60 Å (Fig.  S3A) . At a distance as far as 60 Å from the aminoacylation active site, the editing active site may not efficiently accommodate the aminoacylated end of the tRNA. As a result, this movement of the editing domain may reduce the overall editing efficiency. As for AC-Ped-IYRS, the editing active site is moderately fixed at a distance of 50 Å from the aminoacylation active site (Fig. S3B) . Because this variant lacked editing activity, this distance is probably too long for efficient catalysis by the editing domain, although it is also possible that the transplanted domain may not assume the correct tertiary structure.
3-Iodo-L-tyrosine, at a normal concentration, competes and prevails against L-tyrosine for iodoTyrRS, which enables the specific incorporation of this nonnatural amino acid into proteins in eukaryotic translation systems (18, 19) . In contrast, CP-Ped-IYRS is able not only to charge 3-iodo-L-tyrosine efficiently to tRNA but also to exclude L-tyrosine by itself, even in the absence of the competition between the two amino acids. Therefore, this insertion variant achieves exclusive specificity for 3-iodo-L-tyrosine and is here renamed as iodoTyrRS-ed. The transplantation and engineering of editing domains are expected to enable most aaRSs to hydrolyze their cognate aminoacyltRNAs, thus dramatically contributing to the creation of novel, useful variants for genetic code expansion. (28) . A methionine residue was added at the N terminus of the B3/4 -B5 and B3/4 fragments from these organisms. The genes encoding these fragments were cloned in the multiple cloning site of the vector pET-26b (Novagen) to express these fragments with a His tag at the C terminus. The expression plasmids thus generated were introduced into E. coli BL21 Star (DE3) cells (Invitrogen), which were grown at 37°C before the induction of fragment expression. After the induction, the temperature was lowered to 20°C. The expressed fragments were then purified by chromatography on a Ni Sepharose 6 Fast Flow column (GE Healthcare). The purified samples were stored at Ϫ20°C in 20 mM Tris⅐HCl buffer (pH 8.0), containing 37.5 mM NaCl and 50% glycerol. The preparation of iodoTyrRS was implemented through the same procedure.
Materials and Methods

Preparation of Fragments from the
Preparation of N-Fusion and Insertion Variants of IodoTyrRS.
The B3/4 domain (residues 188 -403) of the E. coli PheRS ␤-subunit was N-terminally capped with a Met residue, and then connected to the N terminus of iodoTyrRS, which resulted in N-Eed-IYRS. The B1/2-B3/4 domain (residues 1-405) of the T. thermophilus PheRS ␤-subunit was added to the N terminus of iodoTyrRS, together with a flexible Gly-Ser-Ala-Pro-Ser-Gly linker, to generate N-Ted-IYRS. The B3/4 domain (residues 83-276) of the P. horikoshii PheRS ␤-subunit was added at the N terminus of iodoTyrRS, together with a Gly-Ser-Ala-SerGly-Pro-Ala-Ser-Ala-Gly linker, to create N-Ped-IYRS, and the N terminus was then capped with a Met residue. The P. horikoshii B3/4 domain (residues 83-276), together with a linker (Gly-Ser-Ala-Ser-Gly-Pro-Ala-Ser-Ala) after this domain, was inserted between residues 166 and 167 of iodoTyrRS to generate CP-Ped-IYRS. The same P. horikoshii B3/4 domain was inserted between residues 295 and 296 of iodoTyrRS to generate CP-Ped-IYRS, together with the linkers Ala-Pro-Arg-Ala-Gln-Tyr-Val-Leu-Ala (identical to residues 296 -304 of iodoTyrRS) and Gly-Ser-Ala-Ser-Gly-Pro-Ala-Ser-Ala-Gly, preceding and following this domain, respectively. To generate the editing-deficient fusion/ insertion variants, Ala-356 (according to the numbering in the E. coli and T. thermophilus PheRS ␤-subunits) and Ala-141 (according to the numbering in the P. horikoshii subunit) were replaced by Trp to plug the editing pocket and prevent tyrosine binding (11, 28) . To prepare these fusion/insertion variants, their genes were cloned in vector the pET-26b, and the products, with a His tag at the C terminus, were obtained as described for the preparation of the PheRS fragments.
Aminoacylation and Deacylation Assays. E. coli tRNA Tyr was prepared by run-off transcription using T7 RNA polymerase (34) . The aminoacylation reaction for the PheRS fragments was performed at 37°C in 100 mM Tris⅐HCl buffer (pH 7.5), containing 15 mM MgCl 2, 4 mM ATP, 5 M E. coli tRNA Tyr , 200 M L-tyrosine (Sigma), 1.6 M iodoTyrRS, and 2.5 M PheRS fragment. The aminoacylation reaction for the fusion/insertion variants was performed at 24°C for 30 min in 100 mM Tris⅐HCl buffer (pH 7.5), containing 15 mM MgCl 2, 4 mM ATP, 5 M E. coli tRNA Tyr , 200 M L-tyrosine or 3-iodo-L-tyrosine (Sigma), and 1 M iodoTyrRS or a fusion/insertion variant. The aminoacylated tRNAs were analyzed by acidic PAGE on a 7% gel containing 7 M urea (31) . When the radio isotope-labeled L-tyrosine was used for analysis, the aminoacylation was performed at 37°C in Tris⅐HCl buffer (pH 7. Cell-Free Translation Using a Wheat Germ Extract. The RTS 100 Wheat Germ CECF Kit (Roche) was used for cell-free translation of the reporter gene, GST(Am) [see SI Text for the construction of the plasmid containing the GST(Am) gene]. The amber suppressor tRNA Tyr derived from E. coli tRNA Tyr was prepared by T7 transcription as described above. The reaction mixture (25 l) contained 3-iodo-L-tyrosine (1 mM), the amber suppressor tRNA (8 M), either iodoTyrRS, N-Ped-IYRS, or CP-Ped-IYRS (2 M each), and the plasmid harboring the GST(Am) gene (40 ng/l). The translation was performed at 24°C for 6 h. The products were detected by Western blotting using an anti-GST antibody (GE Healthcare).
